A series of ether phosphonates have been prepared by trichloroacetimidate and acetate coupling methods. Trichloroacetimidates or acetates were treated with primary and secondary alcohols as O-nucleophiles in the presence of catalytic TMSOTf to afford 21 examples of diethyl alkyloxy(substitutedphenyl)methyl phosphonates via C-O bond formation in 55-90% yields and short reaction time.
Introduction
Phosphonates are an important class of organic compounds showing remarkable applications as isosteric analogs of natural phosphate esters. 1, 2 Phosphonates are key intermediates in a variety of synthetically important reactions. The reaction of stabilized phosphonate carbanions (ylides) with aldehydes or ketones to afford E-selective alkenes is known as HornerWadsworth-Emmons reaction (a modied Wittig reaction).
3-5 A number of methods have been reported for the preparation of phosphonates. The Michaelis-Arbuzov reaction 6,7 is an abundant method for the preparation of phosphonates via P-C bond formation. It involves the reaction of an aryl/alkyl halide with trialkyl phosphite to give alkyl phosphonate. Hirao method 8, 9 shows the palladium-catalyzed cross-coupling of dialkylphosphite with aromatic electrophiles for the synthesis of arylphosphonates via aryl C-P bond formation. Recently, afunctional phosphonates, a-aminophosphonates, 10 a-acetoxyphosphonates 11 and a-hydroxyphosphonates [12] [13] [14] [15] showed interesting medicinal applications as antiviral agents and attracted the attention of many research groups. Abramov and Pudovik method 16, 17 described the reaction of aldehydes with di and trialkyl phosphite in the presence of a base to afford ahydroxyphosphonates. An efficient use of a-hydroxy phosphonates enables a mild process for the preparation of asubstituted methyl phosphonates with promising biological activities.
The use of trichloroacetimidate and acetate methods are well recognized in organic and carbohydrate synthesis via C-O or C-C bond formations.
18-21 Earlier we described the reaction of O-phthalimidomethyl trichloroacetimidate and O-diphenylmethyl trichloroacetimidate with C-nucleophiles in the presence of TMSOTf to afford a series of N-substituted phthalimides, 20 and benzhydryl derivatives. 21 Also, we showed the preparation of a number of N-protected non proteinogenic a-amino acid esters using trichloroacetimidate or acetate coupling methods via C-C bond formation from the corresponding methyl 2-benzamido-2-hydroxyacetate and benzyl(-methoxycarbonyl)(hydroxy)methylcarbamate substrates and Cnucleophiles. 22 The strategies of both trichloroacetimidate and acetate methods involve the transformation of the substrate hydroxyl group into an excellent leaving group, such as trichloroacetimidate or acetate by the reaction with trichloroacetonitrile or acetic anhydride, respectively. The successive addition of poor nucleophiles (alcohols) to these active intermediates in the presence of Lewis acid give interesting products via C-O bond formations, Fig. 1 .
These ndings motivated the development of a series of diethyl alkyloxy(substitutedphenyl)methyl phosphonate 6-8(af), 10 and 12 using trichloroacetimidate and acetate coupling methods via C-O bond formation.
Results and discussion
Nucleophilic addition of diethyl phosphite to benzaldehydes 1a-d in 1 : 1 molar ratio using triethylamine as a base gave the diethyl(hydroxy)arylmethyl phosphonates 2a-d in good yields (Scheme 1). The base-catalyzed addition reaction of trichloroacetonitrile to a-hydroxyphosphonates 2a-d hydroxyl group in the presence of DBU gave the desired diethyl 2-(2,2,2-trichloro-1-iminoethoxy)(3,4-dimethoxyphenyl)methylphosphonates 3a-d, in 80-94% yield, Scheme 1. The reactions of a-hydroxyphosphonates 2b-d with acetic anhydride in the presence of DMAP (N,N-dimethyl aminopyridine) at room temperature afforded diethylmethylcarbonyloxy-(4-methoxyphenyl)methylphosphonates 4b-d, Scheme 1.
The structure assignment of a-hydroxyphosphonates 2a-d, active intermediates trichloroacetimidate derivatives 3a-d and acetate derivatives 4b-d were based on 1 H, 13 C and 31 P NMR spectroscopic and elemental analysis are shown in the experimental part.
Both active intermediates trichloroacetimidates 3a-d and acetates 4b-d are excellent precursors for the structure modica-tion of the diethyl phosphonate residue via trichloroacetimidate and acetate coupling methods. However, our early results concerning this synthetic method applying diethyl 2-(2,2,2-trichloro-1-iminoethoxy)(phenyl)methyl phosphonate (3a) failed to give us the desired products. Thus the reaction of trichloroacetimidate 3a with isobutyl alcohol in the presence of a catalytic amount of TMSOTf at room temperature did not give diethyl 2-methylpropyloxy(phenyl) methyl phosphonate (5a) and instead decomposition was observed and a complex mixture was obtained, Scheme 2. On the other hand, trichloroacetimidates 3b-d reacted with a variety of Onucleophile acceptors (alcohols) in the presence of catalytic amount of TMSOTf at room temperature and readily gave a series of functionalized ether phosphonates 6-8(a-f), Scheme 2, Table 1 . Similarly, the acetate derivatives 4b-d reacted with a variety of Onucleophile acceptors (alcohols) in the presence of a catalytic amount of TMSOTf at room temperature in dichloromethane and readily gave a series of functionalized ether phosphonates 6-8(a-f), Scheme 2, Table 1 . A comparative study of both trichloroacetimidate and acetate methodologies was carried out to examine the efficiency of reaction time and % of yield in both methods. The results showed that, although all compounds were prepared in good yields, there was a slight improvement in the % of yield and in the reaction time (monitored by TLC) using the trichloroacetimidate method, see Experimental section.
According to the presumed mechanism, the TMSOTf is used to eliminate the trichloroacetimidate and acetate leaving groups with the subsequent formation of carbocation. This carbocation could be stabilized by an efficient electron donor and a phenyl group but it is insufficient. In contrast there was good stabilization in the case of a phenyl residue bearing an electron-donating -OR group at the 4-position. The nal step is the nucleophilic attack of the weak alcohol nucleophiles at the stabilized carbocation to form the desired products 6-8(a-f) via an overall S N 1 mechanism. The attempted reaction of diethyl 2-methylpropyloxy(4-methoxyphenyl)methyl phosphonate (6a) with isopropyl alcohol under the same reaction conditions, in the presence of a catalytic amount of TMSOTf at room temperature in dichloromethane, failed to give the corresponding isopropyl ether phosphonate derivative 6b via transetherication, Scheme 2.
Structure assignment of ether derivatives 6-8(a-f) 3 , OCH 2 P, OCH 2 P, CH 2 OCHP and CHP groups, respectively. These signals are common for all isolated products, which conrm the C-O bond formation. The previously mentioned signals are good evidences for either the C-P coupling, the diastereotopic nature or both for these individual groups. The 31 P-NMR spectrum of 6a showed a single signal at d ¼ 19.5 ppm corresponding to phosphonate phosphorus and was used as an indicator for the purity of the products.
The trichloroacetimidate method proved to be an excellent method for the structure modication of diethyl hydroxy(substituted phenyl)methylphosphonate 2a-d. Next, the use of an interesting derivatized alcohols was explored: (5-methyl-2-phenyl-1,3-dioxan-5-yl)methanol 9 and 2-(N-methyl-N-phenylamino) ethanol 11. The dioxane derivative 9 was prepared by heating 1,1,1-tris(hydroxymethyl)ethane with benzaldehyde in the presence of toluene-p-sulfonic acid in benzene and this compound is known to possess potential medicinal chemistry relevance. 23 Thus the reaction of trichloroacetimidate 3a-b with dioxane derivative 9 in the presence of a catalytic amount of TMSOTf at room temperature in dichloromethane and gave diethyl((5-methyl-2-phenyl-1,3-dioxan-5-yl)methoxy)(substitutedphenyl)methyl phosphonate 10a-b in 62-70% yields, Scheme 3. Also trichloroacetimidate 3a reacted with 2-(N-methyl-N-phenylamino)ethanol (11) in the presence of a catalytic amount of TMSOTf at room temperature in dichloromethane and gave diethyl 2-(N-methyl-N-phenylamino)ethyloxy(4-methoxyphenyl)methyl phosphonate 12 in 29% yield, Scheme 3.
Conclusion
In conclusion, an efficient and very simple method for the synthesis of various ether phosphonates by trichloroacetimidate and acetate coupling methods is described.
Trichloroacetimidates 3a-d or acetates 4b-d were treated with Lewis acid followed by reaction with O-nucleophiles to afford the desired products via C-O bond formation. Both methods gave good yields of desired products in short reaction times, and generally slightly better results were obtained using the trichloroacetimidate method. Applications of this methodology to synthesize various phosphonate analogues of alcohols containing primary and secondary hydroxy groups as O-nucleophiles are under progress in our laboratory.
Experimental
Solvents were puried and dried in the usual way. The boiling range of the petroleum ether used was 40-60 C. Thin-layer chromatography (TLC) utilized silica gel 60 F254 plastic plates (E. Merck, layer thickness 0.2 mm). Detection was by UV absorption. Melting points were determined on a Buchi 510 melting point apparatus. The 1 H, 13 C and 31 P NMR spectra were recorded at 300 MHz, 75.5 and 194.4 MHz, respectively (Bruker AC 300) in CDCl 3 with tetramethylsilane as an internal standard. The NMR analysis were performed at Organic Chemistry Department Masaryk University, Brno, Czech Republic. Elemental analyses were performed on a Flash EA-1112 instrument at the Microanalytical Laboratory, Faculty of Science, Suez Canal University, Ismailia, Egypt. 3,4-Dimethoxybenzaldehyde 1c and 3-methoxy-4-(prop-2-ynyloxy)benzaldehyde 1d was prepared by alkylation of vaniline as described in the literature. 24 Diethyl hydroxy(substitutedphenyl)methyl phosphonate 2a-d 25 To a mixture of (20.7 g, 0.15 mol) of diethyl phosphonate and 1.09 g (0.011 mol) of triethylamine was added (0.15 mol) of aldehydes 1a-d portion wise during a period of 1 h at 50-70 C.
The reaction mixture was subsequently stirred at 70 C for 2 h. 
